A reduction in symptoms, increased longevity, and improved quality of life (QoL) 
Coronary artery disease is a major source of mortality and morbidity in developed countries 1 , and coronary artery bypass graft (CABG) surgery has become one of the primary treatment options. More than 650,000 open heart procedures are performed each year in the united States 2, 3 . Whilst CABG and valvular surgery are beneficial to the majority of patients, some die and others suffer long-term disability [3] [4] [5] [6] [7] [8] . Outcome after CABG has traditionally been evaluated using morbidity and mortality rates [3] [4] [5] [6] 8 . These are important, objectively measurable adverse outcomes; however, such measurements alone can no longer be regarded as complete. Health-related quality of life (QoL) is a multidimensional construct representing most, if not all, aspects of a person's life [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . Investigation of QoL can provide a more complete understanding of the impact of cardiac surgery on subsequent health status [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] 19 . Measures of QoL focus of the patient's perspective when evaluating outcomes 8, 10, [18] [19] [20] [21] [22] . Additional outcomes might include the presence of persistent wound pain or angina 13, 15, 16, 23 , sleep disturbance 23, 24 , neurocognitive function 7 and the social impact of CABG surgery on the patient and their family 23, 25 . Outcomes such as these are viewed as essential for funders of healthcare 26 . Although there is a lot known about survival after cardiac surgery, there is limited information about long term patient-centred QoL.
Health status instruments can be used for discrimination, prediction and/or evaluation 20 . We previously We previously developed a 40-item quality of recovery score, the a 40-item quality of recovery score, the QoR-40, designed to measure a patient's health measure a patient's health status after surgery and anaesthesia 27, 28 . We and others have found its psychometric properties, measures of measures of validity, reliability and responsiveness, to be to be acceptable [27] [28] [29] . We were also able to demonstrate some predictive ability, in that the QoR-40 was able to predict a poor QoL at three months after surgery 28 . The aim of the current study was to measure QoL in subjects who had undergone cardiac surgery three years earlier, and to determine whether the QoR-40 had predictive ability for patients' long-term health status.
MeTHODS
After ethics committee approval, 108 adult subjects who had undergone cardiac surgery and participated in a study about three years earlier 28 , were contacted and asked to participate in a follow-up study. We had e�isting records of patient demoe had e�isting records of patient demo-demographics and early postoperative heath status. There There had been no operative mortality, but postoperative complications had occurred in 69 patients (incidence 58%), including sepsis (28%), cardiac complications (38%), stroke (2.5%), and acute renal failure (2.5%). Patients provided informed consent for this follow-up study, and were then asked to complete a repeat series of questionnaires used to measure health status.
Health Status Instruments
The short form health survey, SF-36 21, 22 , is a 36-item health status questionnaire measuring eight dimensions of QoL: physical functioning (10 items); role limitations due to physical problems (4 items); bodily pain (2 items); social functioning (2 items); mental health (5 items); role limitations due to emotional problems (3 items); vitality-energy/fatigue (4 items); and general health perception (5 items). There is also a single item about perceptions of health changes over the previous 12 months, which provides a useful measure to assess physical and mental constructs of health. each dimension has a possible score of 0 (poor health) to 100 (e�cellent health). The SF-36 has been evaluated in an Australian population 30 , and used to evaluate outcome after cardiac surgery 15, 16, 23, 28 . The QoR-40 [27] [28] [29] measures five dimensions of quality five dimensions of quality of recovery: physical comfort (12 items), emotional physical comfort (12 items), emotional state (9 items), physical independence (5 items), psychological support (7 items), pain (7 items). each item is rated on a 5-point Likert scale (for positive items, 1="none of the time" to 5="all of the time"; for negative items the scoring was reversed). The QoR-40 has a possible score of 40 (e�tremely poor quality of recovery) to 200 (e�cellent quality of recovery). It was specifically designed to measure designed to measure measure a patient's health status after surgery and anaesthesia 27 . At about three years after cardiac surgery, subjects were contacted by telephone and asked if they would be interested in participating in a follow-up study of their QoL. A positive response was followed by a mail out of an e�planatory statement and consent document, brief instructions, and the questionnaire forms containing the health status instruments. The subjects were instructed to return the completed forms in a supplied self-addressed envelope. Incomplete or envelope. Incomplete or envelope. Incomplete or outstanding forms were followed up with a further telephone call, and if necessary, duplicate instructions and forms were mailed a second time.
Statistical Analysis
Demographic and selected perioperative data are presented as mean (standard deviation [SD] , or 95% confidence intervals [CI]), median (interquartile range [IQR] ) or number (%).
The primary comparison was the association between the QoR-40 on postoperative day 3 and the sum of the dimensions of the SF-36 ("global SF-36") at three years. univariate odds ratios (OR) were also calculated to describe the association between postoperative complications and a poor quality of recovery at one month. Internal consistency was assessed by Cronbach's a 20, 30 . Changes over time were analysed using paired t-tests. A prespecified comparison of the dimension of physical independence was identified because it has been previously identified as a particularly significant component of health status after surgery 16, 28 . For each dimension of the QoR-40 and SF-36, impairment was defined if an individual score was less than one SD below the group mean. A poor quality of recovery and poor QoL were defined by impairment in two or more dimensions, or impairment of the global QoR-40 and SF-36, respectively. univariate predictors of a poor QoL at three years were identified using Mann-Whitney u tests or c 2 ; significant (P<0.1) factors were used in logistic regression analyses. Separate multiple logistic regression models were developed to determine associations with QoL separately for preoperative factors, and with intra-and postoperative factors. Logistic regression was used to calculate adjusted ORs to describe the association between a poor quality of recovery and a poor QoL. All statistical analyses were performed using SPSS for Windows V11.1 (SPSS Ltd., Chicago, IL). A P value less than 0.05 was considered significant; no correction was made for multiple comparisons.
ReSuLTS
We were able to locate 94 of the original 108 patients available for interview at three months after surgery (follow-up rate 89%). Four patients had died in the intervening period and one patient refused to participate; 93 of the surviving subjects completed at least one of the survey instruments (response rate 99%). There was no evidence of responder bias, in that patient and perioperative characteristics of those who responded were similar to the original study cohort (see Table 1 , all P>0.10). The median (IQR) time since surgery was 151 (140-165) weeks. month SF-36 values, with the possible e�ception of mental health, for which the SF-36 score was reduced 6%.
There was a mild correlation between the day 3 QoR-40 and the three year SF-36, r=0.23 (P=0.029). There was a strong correlation between the three year QoR-40 and the three year SF-36, r=0.73 (P<0.0005). There was a mild correlation between the day 3 SF-36 and the three year SF-36, r=0.31 (P=0.003); and a moderate correlation between the three month SF-36 and the three year SF-36, r=0.61 (P<0.0005).
The mean (SD) QoR-40 on day 3 was not significantly different in patients with a good QoL when compared with those who had a poor QoL at three years, 174 (16) Perioperative predictors of a poor QoL at three years are presented in Table 3 . univariate analysis identified duration of hospital stay, the preoperative QoR-40 and SF-36, and day 3 QoR-40, but not the Tu score 5 , as predictors of a poor QoL at three years. Patients who had postoperative complications were no more likely to have a poor QoL at three years after surgery, OR 1.83 (95% CI: 0.68-4.96). When the QoR-40 was categorized into a good or poor quality recovery, only estimates from the one and three month scores were significant predictors (Table  3) . Multivariate adjustment with logistic regression, using QoR-40, SF-36, and duration of hospitalization did not significantly alter these estimates.
The inter-dimension correlations of the QoR-40 and SF-36 are presented in 
DISCuSSIOn
We found that cardiac surgical patients generally have a good QoL at three years after cardiac surgery, and this was significantly improved when compared with their preoperative status. The dimensions of QoL that were most improved were physical functioning, role limitations due to physical problems, vitality, social functioning, and role limitations due to emotional problems. Patients can e�pect a 25% improvement in their QoL, as determined by the global SF-36. Most of this change occurs within When compared with preoperative values, there was no significant change in the mean (95% CI) QoR-40 at three years, 182 (177-187), when compared with preoperatively, 181 (178-183); at one month, 178 (175-181); or at three months, 182 (180-185).
There was a significant improvement in QoL at three years after cardiac surgery ( Table 2 ). The dimensions of QoL that were most affected were physical functioning, role limitations due to physical problems, vitality, social functioning, and role limitations due to emotional problems (all P<0.005). QoL was increased in the majority (71%) of patients undergoing cardiac surgery (Table 2, Figure 1 ). The mean increase in the global SF-36 score was 26%, P<0.0005. There was no significant change in QoL at three years when compared with the three With the e�ception of duration of stay in hospital, patient and surgical characteristics were not predictive of QoL at three years after surgery. There was a mild correlation between the day-3 QoR-40 and the threeyear SF-36, suggesting some predictive ability of the QoR-40 instrument. Later estimates of quality of recovery and QoL were more closely correlated with the three-year SF-36.
Quality of Life after Surgery
The estimated direct and indirect costs of coronary heart disease in the u.S. in 2003 was 130 billion dollars 2 . The need to accurately measure QoL and to focus on optimizing outcome of these patients becomes therefore a global financial responsibility. Cardiac surgery is an effective treatment for most Cardiac surgery is an effective treatment for most patients with symptomatic coronary artery and/or valvular heart disease. In most patients there is a reduction in symptoms, repeat hospitalization and mortality 12, 13 . This should lead to an improvement in QoL. The results of the current study clearly demonstrate that many patients achieve and report an improved QoL for at least three years after cardiac surgery. In particular the most significant improvements were in physical functioning, bodily pain, social functioning and role limitations due to emotional status. Previous studies [10] [11] [12] [13] [14] [15] [16] [17] [18] , mostly limited to 3-12 months after surgery 11, 12, [15] [16] [17] [18] , have reported similar findings. not all patients gain improved QoL after cardiac surgery 11, 13, 15, 23 . Appro�imately 20% of patients have a deterioration in their condition after surgery 13, 15, 16, 23 . Caine et al 13 used the nottingham Health Profile (nHP) to assess 100 male patients at five years after coronary artery surgery. When compared with results at one year, patients had some improvement in the nHP dimensions of pain, sleep, social isolation, and emotional reactions, whereas signs of deterioration were seen in the physical mobility and energy scores. Another report on QoL at five years after cardiac surgery is the u.S. Veterans' study in which patients were randomly allocated to medical or surgical treatment 14 . The incidence of recurrent chest pain was one of the few significant differences between the groups at five years after trial entry, with surgically treated patients having a higher incidence than medically treated patients, 55% versus 33%. Rumsfeld et al 15 evaluated 1,744 patients enrolled in the Veterans' Affairs Cooperative Processes, Structures, and Outcomes in Cardiac Surgery study who completed preoperative and si� month postoperative SF-36 surveys. On average, physical and mental health status improved after surgery. Preoperative QoL status was the major determinant of change in QoL following surgery, independent of other clinical characteristics. Patients with low SF-36 scores were most likely to have an improvement in QoL at si� months after surgery; this benefit was not apparent in those with higher preoperative scores 15 . We observed a similar rate of decline in QoL in our study (Figure 1) . We have previously found a high incidence of continuing angina pain (25%), sternal wound pain (17%), and vein harvest site wound pain (13%) at 12 months after surgery in a separate study cohort 23 . Others have found that chest pain was e�perienced by 40-50% of patients at five years after surgery 13, 15 . Other problems include depression 32 , cognitive and memory impairment 7 , poor sleep quality 23, 24 , and marital disharmony 23, 25 . each of these can impact on QoL 13, 32, 33 . Appro�imately 42% of cardiac surgical patients have cognitive decline at five years after surgery, and this is a significant predictor of long term function 7 . Psychological factors are thought to predict QoL after cardiac surgery 11 . For e�ample, depression has been shown to be a strongly associated with mortality after coronary artery surgery 32 . The SF-36 includes several dimensions that are responsive to mental health 21, 34 , yet these were the least affected by cardiac surgery and were not associated with QoL at three years after surgery in our study (results not shown). Predictive scoring tools have been designed specifically to identify risk factors in patients undergoing cardiac surgery [3] [4] [5] ; these may guide patient and clinician decision-making. Typical factors include older age, female gender, poor left ventricular function, comorbidity, and more comple� surgery. neither the Tu score 5 , nor any patient or operative factors had any significant association with QoL at three years after surgery in our study. However, the three-year mortality rate was too low for us to make any meaningful conclusions regarding a possible association of patient or surgical factors. Increasing our understanding of the causes of these postoperative problems may ultimately identify interventions that make a difference in long term QoL for patients undergoing cardiac surgery.
Psychometric Properties of the QoR-40 and SF-36
The SF-36 has been e�tensively validated and is used widely to assess a person's health status 8, 16, 20, 21 . The QoR-40 is responsive to changes in health status after cardiac and noncardiac surgery [27] [28] [29] .
In an
In an earlier study 28 , we found that lower QoR-40 scores were associated with longer duration of surgery, postoperative complications and increased length of stay in hospital. In addition, the day 3 QoR-40 was a highly significant predictor of a poor QoL at three months after surgery.
The QoR-40 and SF-36 done at three years after cardiac surgery demonstrated good internal consistency and the inter-dimension correlations were acceptable. There was no significant change in There was no significant change in There was no significant change in the mean QoR-40 at three years, when compared with preoperatively or at one and three months, suggesting that for most patients the major component of recovery occurs within one month after surgery.
Predictive ability is one of several psychometric properties of health status measurement instruments 11, 12, 20 . QoL at three years, measured by the QoL at three years, measured by the SF-36, is associated with quality of recovery, measured by the day 3 QoR-40. A poor quality of recovery at one month after surgery was a significant predictor of a poor QoL at three years. When taken together, these results support construct validity, reliability, results support construct validity, reliability, and predictive ability of the QoR-40.
The day 3 QoR-40 was not significantly different in patients with a good QoL when compared with those who had a poor QoL at three years. This negative finding may be e�plained by insufficient number of study patients (i.e. type II error). There was however a significant difference in the dimension of physical independence, indicating a specific association between early postoperative functional status and long term QoL.
e�clusion of those patients who died, or were unable to be contacted, may have biased our results. These biases should be minimal because of the high response rate in this study, and comparable perioperative characteristics, and preoperative SF-36 and QoR-40 data of responders, compared with the earlier study cohort 28 . We used the sum of the eight items of the SF-36 as a global measure of QoL. This has not been validated for this purpose 20, 35 , but has been used previously and was used only to provide an overall was used only to provide an overall estimate of QoL. The QoR-40 27 , in contrast to the SF-36 20, 21 , was developed to measure early postoperative health status and so is more appropriate for use in the days and weeks after cardiac surgery. It does however have very good psychometric properties up to three years after cardiac surgery. We chose not to correct for multiple comparisons, largely because of the e�pected colinearity between many of the items within each health status instrument; borderline significant results should thus be interpreted with caution.
Contemporary cardiac surgery has low mortality and morbidity for most patients, and predictive tools to identify high-risk patients are used to guide practice. But we must look beyond the ability to e�tend the lives of patients to include measurement of long term QoL. We found that QoL is generally very good for most patients at three years after cardiac surgery. A poor QoL in the longer term can be predicted by a poor quality of recovery and a poor QoL in the months after surgery. This study has provided further psychometric evaluation of the QoR-40, supporting its use as a valid, reliable and responsive measure of quality of recovery after surgery and anaesthesia.
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